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(57) Abstract: 

PROBLEM TO BE SOLVED: To expand the 
grown-in-defect-free region within the wafer surface and 
to provide the high quality, large-diameter and 
long-size wafer by appropri ately setting the conditions 
of single crystal growth using a Czochralski method to 
control the position in which a ring-shaped 
oxidation-induced stacking fault (R-OSF) is generated. 

SOLUTION: This single crystal wafer material is grown by 
pulling up a silicon single crystal under conditions of 
1,250 to 1,000°C of the slow cooling temp, range and 3 7 
hr of the pulling up time, to make the vacancy concn. 
and the interstitial silicon atom concn., both of which 



are incorporated within the single crystal, as equal as 
possible to each other and also as uniform as possible. 
At the same time, the outer diameter of R-OSF, the inner 
diameter or outer diameter of the oxygen precipitation 
promoted region, etc., are controlled so as to be 260% of 
the diameter of the grown crystal, to reduce or 
eliminate grown-in defects such as dislocation clusters. 
Observation of each of the outer diameter of R-OSF, 
etc., is performed by immersing a wafer worked from an 
as-grown silicon single crystal in a Cu solution to 
deposit Cu on the wafer, subjecting the resulting wafer 
to Cu decoration heat treatment at 900°C for 20 min and 
thereafter, observing the treated wafer with an X-ray 
topograph. 
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? 5 ^ * - tis^p-e^W^ L Ac. i&igH,© 

±lfSo 

[0 0 4 7] ^ B 1,©§l±tf:R$#500mmtCMl,£:£:3 
5T% ^©WJ^feSB^R^itU Wf£B#©#?SgfI 

swiatt, *gsw^&^Tbr§i±tfs$^io io 

[0 0 4 8] |25Wu H^MlT-ei^±lffe#^?:As 
-grown^T«#J UfCU CuS^fpU 900^ Tig**!]® 

So Jt«E0!HCjt^, 1200°C~1050°CCD^ 

[0 0 4 9] SB8£*£«k*tff. Sg^Wfife^ih^^ 
* < & S tS ij =y t. # - ©£j&& S *iS(B*« 

S-^rSZlii^T^S. 30 
[00 50] (jgfigft 2 ) 2 T'tt, R-OSF*' r =2/5 

R©GH»C»£U 1250°C~1000°C(7)SS«gH?:10^ 

tc, eft? 9** -®^lS«©ra#£©iBifc3eft'*s 
ts««*sn5 <t e> «i#±t-r>ijg h t - * -/ty- 

Zm§& LteW <b>s 5 l±tf ft£ tflOOmmfCjt L fc t 3 5 T? 
3 [±lf5£g£-5g!C Lt> § l_hlfS$ tflOOOmm* "7?TWt 
U -fOl^-f^MRyCDfjeiC^tTLfe. 40 
[0 0 5 1] 06Bu HS6W2"T?5l*±Vfc^ieaS:As 
-grown^T?ISffllU(Cb, Cu&^fcU 9O0'CT*f8$SI 

Lx&xvm*&zm&itLtc.&.izxmh#>f^ ?izxm 
mLtd£&zm^iz.7j<vtz.mx«sbz>. m&Dt&miz 

Jfc^ R-0SF©#W©iEft*^**-jWlii&£U *R*RS 
«*6M:8 < fifc* LX i,*2>Z.£.tfit>frZ>c 
[0 0 5 2] B7tt, HS6W2©*S5tCJ:oT1ffi!tS4x 

1250r~1000^©^$ffl^#«fc£ L&^*fefc©W 50 
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ffc&iSTft*. R-OSFffl*MI(!KC*E&* * - ft 

sQsm©wjs^F-e«u <esisi^-e«Kia^9x 

^-^L&l^SfeiS^t^T'tS. R-0S 
F©rtflMB«T«U *5SM2(7)W^WCJ:oTFPDCD|| 
£8?ate<ea*r'£*i H8tt, 
M 2 ©#&{C «fc o T W#c$ nfeAs-growtfWBOMeaiC 33 

"b, ^MSSSLN^^^-f &ffl^T$J5EUTtK R-OSF 

[0 0 5 3] (H3S01J3) HJfiW3T?t±, £?L©Ifcyii 
*Sfe*H-{C-tSfe«)lCj|fL*~1250'CCD4gHT'CDjigaW 
ffljSW&^^S:*S-fCU 1250^~1000XD£10B#H£3§T- 
#-S<fc^{C3c#L^^ hl/->S:fflV>T, R-0SFC0#g 
£&fi# r =1/4RT\ 6IJ:Jf^fe«t-£--gT?aDg8" 
*©*g*S:T9rfiJSLfc»#JC. sfcflflJgLft. R-OSF* fete 

lz5\£±l-mm£t:-Z-j*v-%:ffi&istetfi<b, 3\± 
If fi£ ^lOOmmfC^ bfc 3 5 T?§ Lttf»&«:— J£K1 L 
T, §l±*fRS^1000mi*T»W«U fOtf^;L« l J 

<mm\zm^tz.. 

[00 54] 09 t*. fttiMS 7*5IS±tf&¥M«:A8 

«BS LT^-^K&fffgc&^ftfb L felfetc X|g h *f f=y 7 \Z 
TWKLfc^|S:aKWtCa%UfeHTS)S. R-0SF©I6 
£&g# r =1/4RT\ gSItofgfflCitlT^Sffl 

PBHIIW*<**<jSK*LT^*. R-0SF©5g*feg 
r =l/4R-eii, H^©rtffi«S«Tt)55^t!SW*:fCje 

SrIBdWf S3i:tc«fcoT, t£ttiBATjt^1KSL» (FP 
D, COP) ^>lKfi[^5^4i-®afSS:(g«TSSrt^ 

[0 0 5 5] Hiott. HS6M3-p5l§±tffc*Ba^e> 
8M/VT\ R-OSFOfig* 1 ! r = 1 /4 R -eFPD*S*^»fC/h 

So 

[0 0 5 6] (Hfig9J4 ) ^6iM4 T'li, ^TLW^^Jii 
(C^Sfett)tC^,*~1250°CCD|gap , g(Dffip , g© 
ffiaMMP&*&— 1250'C~1000°C SrlO^Peg^FT^ 

B©rtoifcEH § i±tfa?ffiS:e«-jE-eifi[g 

8'>©iSSS:W^Ufc^-{C, S^HBSSLflt. R-OSF* 
ttM^P(6fI^©f6»<Jt^i:*©ofc o icgefb-rs^SrSSlE 

±tf*$ ^100mm{CMLfc i: l±»f3aK%-^»C 
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UT, 5l±»*fi3#1000nm*TlWtU *0}&r4 

[0 0 5 7] BH Hi. HJSW4-e§|£±tffe«Bffi«:As 
A JjKEL U CuS^frU 900°CT^ 

t\ Lt^ot. W^fr$:»-r-g>Zli:lCj;oT, Gr 
o«ro-infc|l|&©tBK£<B«-l?£a. 
[0 0 5 8] UUg0!!4 T'li, $ e>{cS?^tf{±i{JBt^% 

o&#. zcD^-tcii, HwLfcvvW. i&umtewmm 

[0 0 5 9] *SfiW4©^j5SfCJ:oT«Bia*lfc**SJi 

a* <b#ax;* tit * 3i - j\<Dwmm mmam (tzdb) & 

S^Lfc, "fJ&fc-fe, BMUKIPWSiib. PRfitgfeft8M/V 20 
r% R-0SF#F*gWcifi8£ b •> /\T?tt|S»lii rt©TZD 
B©&^i£95%Rh-e& o fc. 
[0 0 6 0] 

TR-0SFC^^gS:fU^LT, ^x-/\Ml*ItCGrown-i 

Brticflfc y tis j*^PB®«KS*&— icf -5 3 1 tc J: 30 
ft, JWflaWu SSt3xt>©« ffjAIBKDftLh 

[Hi] ^©czjSK:«fc$#*gii©T?j»cj8^e>ftT 
v ^i,Ji.M a e H W^S©^^®H-efeSo 
[H 2 ] «tSAHrAI9®9 l±tf5feKfc*gftfcS8©«£ffc 
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[H3] ir«sns«Ba®ifia^^»^*tiicasH-rs 

[H4] ^S®W^C^3^-S^H#BiafilJ3«fcDm^ 
~125or©^|fflfCfctt6£ft£&^paSiM^©^ll 
®rtT©»S#tf©3Wb^£^'*BT?£>S. 



[H 6 ] £££1 2 T5IS±tf 3fe#»§SS:As-grown«j|lT* 

[H7] HS6W2<0*8fefCj:oTTSrjERS4xfeAs-graim^ 

[H 8 ] USSM 2 ©Affile «fc o T Wf££ *l£As-grown#c 
^©^lcfeW5^SS§L#^P(6©^^SS:^«!SL 
Y^V^Vj $:fflv%T^Lfei^*$:^1-HT*fe-g>o 

[H 9 ] USsM 3 |*±HT fc#JgfiS:As-gro«Hi«JBT? 

[Hio] T»§[*jiif fe#jes^e>jnxatifct7 

x w\©tnl(Wa)Wffi»ttCra») SrMBtLfcft**:^ 
UfeHT-fe-So 

[HH] mm* T!9\i*±vrnjm&t:te-*nm*mz 

[^©^] 

1 : la : rtS^^H 
lb : lc 

2 : tl-#-, 3 : g 
4:5[±WK«. 5:^H 
6 
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*JTO R/2 
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[01 1] 




m&m w-f&i o^i oh2 i h 
[^mffiiE i ] 

umE*ffimm£] wmm 
mi£*mmg&) 0005 
miE^m mm 

[0 0 0 5] ±I3®XgT-*IIX$tl^^i-yN©®rt(C 

^S^P(§ (JWT, R-OSF (Ring-Oxidation induced Stack 

ingFault)£v^) tm&tZWr&tf&Z,. 

tc 9 ^ -^©SfttCi JGrown-in^Pffii: mZtlZ>%.%$g,CD 

[she*^*®^ 

[*§lE*f^g;&] 00 2 9 

miE^m mm 

[0029] *.ftwvms,Kisv ^ymamz&^x. 

^ ^-^©ffifalCfg^SR^SFcaipltf^lHiR-OSF 
mint- y , o £ »J ^^^tfi^Jl©* 

B£LT, R-OSF®^ffig?:»i-^f cS?)T - feSo * 
fc, H-0SF®^S:as|ii:LTV^<Z>J4, «U!SlCft# 



MMiE3] 

C«iE*MPESB26] 00 3 3 

[«m*jS3 mm 

[0033] H3tt, w/ssnsJiMesosis^fc-e- 

WzMm?&&M&mi:Wimir&WV2bZ> 0 03(a) 

r*uc*fu (Wfc^-r 

mmiE4 ] 

[«IE#f*»S2,] fimi 
C«iE*Mfc^Bife] 00 34 

[0 0 34] 13(a) IZjjkt «fc e> (c^MM®SS4gE# 
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(72)$§f£# Afit WfT (72)*&J!# im 



Tn/S Pakf ri Akiu 

^u-iivix (USPTO) 



